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DECEMBER 12, 1935 


Vol. 10, No. 7 


BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


ANNUAL MEETING, ST. LOUIS, MISSOURI 


December 31, 1935—January 2, 1936 


In Affiliation With 


SECTION B—PuHysICS—OF 


THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


HE 37th Annual Meeting (the 203rd regular 
meeting) of the American Physical Society 
will be held at St. Louis on December 31, 1935, 
January 1 and 2, 1936, in affiliation with Section 
B—Physics—of the American Association for the 
Advancement of Science. All sessions will be 
held in the Wayman Crow Hall of Physics of 
Washington University. 


General Business Session. The general busi- 
ness session of the American Physical Society 
will be held at 9:30 o’clock on Wednesday 
morning, December 31, in Crow Hall, Room 101. 


Joint Session of Section B—-Physics—with the 
American Physical Society and the American 
Association of Physics Teachers. Professor 
Henry G. Gale of the University of Chicago will 
deliver the address of the Retiring Vice President 
of Section B at 10:00 o’clock in Crow Hall, Room 
101, immediately after the general business 
‘meeting of the American Physical Society. The 
subject of his address is ‘““The Diffraction Grat- 
ing.”’ Professor R. W. Wood of The Johns Hop- 
kins University, President of the Physical 
Society, will deliver the presidential address. His 
title is ‘Optical and Physical Effects of High 
Explosives.’’ This will be followed by an address 
by Professor Arthur H. Compton of the Uni- 
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versity of Chicago on ‘Recent Developments in 
Cosmic Rays.” 


Symposium on Photoelectricity. On Tuesday 
afternoon, December 31, at 2:00 o’clock in Crow 
Hall, Room 101, there will be held a symposium 
of invited papers on ‘‘Photoelectricity”’ as a joint 
session with the American Association of Physics 
Teachers. The speakers on this symposium are 
Professor A. A. Knowlton of Reed College, 
Professor A. L. Hughes of Washington Univer- 
sity, and Dr. L. O. Grondahl of the Union Switch 
and Signal Company. Professor D. L. Webster of 
Stanford University, President of the American 
Association of Physics Teachers, will preside. 


The Josiah Willard Gibbs Lecture will be 
delivered by Professor Vannevar Bush of the 
Massachusetts Institute of Technology on Thurs- 
day afternoon, January 2, at 4:30 o'clock in 
Assembly Room No. 4, Municipal Auditorium. 
The title of this lecture is “‘Mechanical Analysis.” 

On the same afternoon Dr. V. K. Zworykin, 
of the Radio Corporation of America, will give a 
lecture on “Electron Optical Systems and their 
Applications.”’ 


The Medal Talk of the A.A.A.S. will be 
delivered by Dr. Vern O. Knudsen of the Uni- 


versity of California at Los Angeles at 4:30 P.M., 
Wednesday, January 1. The subject of his ad- 
dress is “Absorption of Sound in Gases.” The 
place of this lecture will be announced in the 
General Program of the A.A.A.S. 


Address of the Retiring President of the 
A.A.A.S. Dr. Edward L. Thorndike of Teachers 
College, Columbia University, is scheduled for 
Monday evening, December 30, at 8:15 P.M. in 
the Opera House, Municipal Auditorium. The 
title of his address is “Science and Values.” 
The address will be followed by a reception 
tendered by the local committee. 


The Sigma Xi Lecture will be given under the 
auspices of the Society of the Sigma Xi and the 
A.A.A.S. on Tuesday evening, December 31, 
at 8:30 o’clock. The speaker will be Mr. John 
Bellamy Taylor of the General Electric Company 
and his address on “‘The Electric Eye and the 
Human Eye’”’ will be illustrated by demonstra- 
tions. The place of this lecture will be announced 
later. 


The American Association of Physics Teachers 
will hold its annual meeting December 30, 1935— 
January 1, 1936 in St. Louis. Some of its sessions 
are listed under Calendar in this Bulletin. For 
complete information see the A.A.P.T. program. 


The Annual Science Exhibition will be held in 
the Municipal Auditorium December 30, 1935 
to January 4, 1936. This exhibition, which has 
grown markedly in size and interest within the 
last several years, will be of special interest to 
physicists. A number of booths have been al- 
lotted to university laboratories and these are 
planning to set up working apparatus demon- 
strating the effects of cosmic rays, x-rays, nuclear 
phenomena, etc. A large number of instrument 
and apparatus manufacturers will exhibit their 
products. The American Institute of Physics will 
maintain a booth. Physicists and their guests are 
invited to make this their headquarters at the 
Exhibition. Chairs will be provided, the journals 
published by the Institute will be on file for 
reference or inspection and information concern- 
ing the physical societies, their journals and their 
meetings will be available. 


Dinner. The annual dinner of the American 
Physical Society will be held at the Gatesworth 
Hotel, Union and Lindell Boulevards, on Tues- 
day evening, December 31, at 7:00 o’clock. This 
will be a joint dinner with the American Associa- 
tion of Physics Teachers. The price of the dinner 
is $2.00. Dr. Thomas C. Poulter will talk on the 
“Byrd Expedition in the Field.’’ This talk will be 
illustrated with motion pictures. Tickets can be 
purchased at Crow Hall and elsewhere as an- 
nounced at the time of the meeting. If at all 
possible, tickets should be bought by noon on 
Tuesday. 


Luncheons. Arrangements have been made for 
luncheons at the Cafeteria on the campus. 


GENERAL INFORMATION 


For further information in regard to sessions, 
meetings, receptions, exhibitions, excursions, etc. 
see the General Program of the A.A.A.S. which 
will be available at the registration offices. See 
also the Preliminary Announcement of the 
A.A.A.S. printed in current issues of Science. 


Headquarters. Hotel Chase, Lindell Boulevard 
at Kingshighway, has been selected for hotel head- 
quarters for the Physical Society at St. Louis. 
This hotel will also be headquarters for the Amer- 
ican Association of Physics Teachers. Members 
are urged to make their reservations at once 
(writing directly to the hotel). 

The rates at the Hotel Chase are: single rooms 
with bath, $2.50 to $5.00 per day per person; 
double rooms with bath, $4.00 to $7.00 per day 
per person. 

For general information concerning hotel ac- 
commodations in St. Louis and railroad rates the 
members are referred to current issues of Science. 


Railroad Rates. Reduced railway rates, by the 
receipt-certificate plan, have been granted for 
the St. Louis meeting by almost all of the railway 
passenger associations of the United States. 
The round-trip fare for a person attending the 
meeting is one and one-third times the regular 
one-way fare. Persons attending the meeting 
should each purchase a first-class, full-fare, one- 
way through ticket to St. Louis, being sure to 
secure a certificate on the receipt-certificate form, 
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reading for the St. Louis meeting of the ‘“Ameri- 
can Association for the Advancement of Science.” 
Every one should register immediately upon ar- 
rival at St. Louis, at the registration desk for the 
meeting, in the Municipal Auditorium. Each 
person registering is entitled to the validation of 
his own certificate. Unvalidated certificates will 
not be honored for the purchase of return tickets 
and unendorsed certificates can not be validated. 
Each person presenting an endorsed and vali- 
dated certificate may purchase a continuous pas- 
sage, one-way, return ticket for one-third of the 
regular fare, by the same route as that followed 
on the trip to St. Louis. Tickets to St. Louis from 
many points may be purchased between De- 
cember 25 to January 1, inclusive, although from 
far points they may be purchased as early as 
December 23. Return tickets must be purchased 
by January 8. 

Some railroads may offer excursions at lower 
rates than the Certificate Plan. In any case 
members should consult with their local passenger 
agents regarding both regular fare and Pullman 
charges before purchasing their tickets. 


Registration Fee. A registration fee of one 
dollar will be charged. 


Membership in the A.A.A.S. The meeting of 
the American Association for the Advancement of 
Science is from December 30, 1935 through 
January 4, 1936. Members of the affiliated so- 
cieties are given the privilege of joining the 
Association at this meeting without payment of 
the regular entrance fee. 


Local Transportation. From the headquarters 
hotel to the Wayman Crow Hall of Physics, 
Washington University (2 miles), take either the 
“University” street car or the ‘‘Lindell’’ bus or 
taxi (fare approximately fifty to sixty cents for a 
taxi full of people). 


GENERAL RULES RELATING TO PAPERS 


Only those titles of papers shall be listed on 
the preliminary program of a meeting of the 


Society for which abstracts ready for publication 
are in the hands of the Secretary. 

When two or more papers are offered by the 
same member, one only of these will be assigned 
a place on the regular program, while the others 
will be placed in a supplementary program. (A 
paper presented by two or more authors is 
assigned to the first named author.) Papers 
received after the program has been printed will 
be placed in the supplementary program. 

All supplementary papers will be grouped 
according to subject matter and will be called 
for at their appropriate sessions only, these 
sessions to be designated on the program. The 
presiding officer may assign a reduced time to 
these papers or may in his discretion call for 
them to be read by title only. 

Except by special vote of the Society, the 
maximum allowance of time for the presentation 
of a paper shall be ten minutes. The presiding 
officer shall enforce this rule. 

Titles and abstracts of the papers to be pre- 
sented are given in the following pages. These 
abstracts have not been corrected by the authors. 
After correction the abstracts will be published 
in an early number of the Physical Review. Au- 
thors should send corrections to the Editorial 
Secretary, The American Institute of Physics 
Incorporated, 11 East 38th Street, New York, 
N. Y. 

Other meetings for the current season are as 
follows: 


202. Berkeley, California. December 20-21, 
1935. 


New York City. February 21-22, 1936. 
Washington, D. C. April 30-May 2, 1936. 


204. 


Pacific Coast Section. June 1936. Time and 
place to be announced later. 
Rochester, New York. June 22-23, 1936. 


W. L. SEVERINGHAUS, Secretary 
Columbia University, New York, N. Y. 


December 12, 1935. 
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CALENDAR 


Tuesday, December 31, 1935 


2:00 o'clock: 


7:00 o'clock: 


Crow Hall: Room 101: Joint 
symposium with A.A.P.T. on 
“Photoelectricity.’’ Addresses by 
A. A. Knowlton, A. L. Hughes, 
and L. O. Grondahl. See page 7. 
Gatesworth Hotel: Dinner. Ad- 
dress by T. C. Poulter on ‘“‘Byrd 
Expedition in the Field” with 
motion pictures. 


Wednesday, January 1, 1936 


9:30 o’clock: 


10:00 o'clock: 


Crow Hall, Room 101: Annual 
Business meeting of the American 
Physical Society. 

Crow Hall, Room 101: Joint ses- 
sion with Section B—Physics—of 
A.A.A,S. and A.A.P.T. Addresses 
by H. G. Gale, Retiring Vice 
President of Section B; R. W. 
Wood, President of the A.P.S., 
and A. H. Compton. See page 7. 


2:00 o'clock: 


4:00 o'clock: 


Crow Hall: Room 101: Papers 
1—9. See pages 8-10. 

Crow Hall: Room 104: Papers 
10-20. See pages 10-12. 

Crow Hall: Room 106: Papers 
21-29. See pages 12-14. 

Crow Hall: Room 107: Council 
meeting of the American Physical 
Society. 


Thursday, January 2, 1936 


9:30 o'clock: 


2:00 o'clock: 


4:30 o'clock: 


Crow Hall: Room 101 
30-38. See pages 14-16. 
Crow Hall: Room 106: Papers 
39-47. See pages 16-17. 

Crow Hall: Room 104: Papers 
48-55. See pages 17-19. 

Crow Hall: Room 104: Papers 
56-61. See pages 19-20. 
Municipal Auditorium: Assem- 
bly Room 4: Josiah Willard 
Gibbs Lecture by Vannevar Bush 
on “‘Mechanical Analysis.”’ 


: Papers 
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PROGRAM 


TUESDAY AFTERNOON AT 2:00 O’CLOCK 
Crow Hall, Room 101 


Joint Session with the American Association of Physics Teachers 


SYMPOSIUM 
ON 
PHOTOELECTRICITY 


D. L. Webster, presiding 


Invited Papers 
1. The New Physics and the Undergraduate. A. A. KNowLton, Reed College. (30 minutes.) 
2. Photoconductivity in Crystals. A. L. HuGHEs, Washington University. (30 minutes.) 


3. The Copper-Copper Oxide Parrier Layer. L. O. Gronpant, Union Switch and Signal 
Company. (30 minutes.) 


TUESDAY EVENING AT 7:00 0’CLOCK 


Gatesworth Hotel 


Dinner of the American Physical Society and 
The American Association of Physics Teachers 


LECTURE BY THOMAS C. POULTER 


on 
Byrd Expedition in the Field 


illustrated with motion pictures 


WEDNESDAY MORNING AT 9:30 O'CLOCK 


Crow Hall, Room 101 
Annual Business Meeting of the American Physical Society 


WEDNESDAY MORNING AT 10:00 o’CLOCK 
Crow Hall, Room 101 
Joint Session of Section B of the A.A.A.S. with 
The American Physical Society and 


The American Association of Physics Teachers 


Professor John T. Tate, University of Minnesota, 
Vice President of Section B, presiding 


Invited Papers 


The Diffraction Grating. HENry G. GALE, University of Chicago. Address of the Retiring Vice 
President of Section B—A.A.A.S. (30 minutes.) 


Optical and Physical Effects of High Explosives. R. W. Woop, Johns Hopkins University. 
Address of the President of the American Physical Society. (30 minutes.) 


Recent Development in Cosmic Rays. ArtHUR H. Compton, University of Chicago. (30 
minutes.) 
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PROGRAM 


WEDNESDAY AFTERNOON AT 2:00 o’CLOCK 


Crow Hall, Room 101 


1. Dia- and Paramagnetic Susceptibilities at Two to 
Ten Oersteds. WILLIAM SCHRIEVER AND R. E. SmitTH, 
University of Oklahoma.—Specimens of three pure dia- 
magnetic elements and three pure paramagnetic salts were 
investigated by measuring the force on a spherical specimen 
when it was placed in an axially symmetrical field whose 
strength, and space rate of change of strength along the 
axis of symmetry, could be calculated. The forces varied 
from 6 to 25X10-* dyne and the sensitivity of the appa- 
ratus was 10~-* dyne per millimeter deflection at a scale 
distance of 317 cm. The small deflections were reproducible 
to within 6 percent, the large to within 1 percent. The 
necessary variation of the field over the specimen was less 
than 5 percent of the mean value of the field strength. 
The observed variations are greater than the experimental 
errors. At one oersted FeCl; had a susceptibility of 159. 


VOLUME SUSCEPTIBILITY (e.m.u.) 
UB- 
STANCE Int. CRIT. 
SUBSTANCE (cm) H=2.5 H=5 H=10 AB. 
Bismuth 1.32 —10.9 —11.2 — 10.7 — 13.78 
Antimony 1.55 —4.45 —3.89 —3.10 —5.75 
Cadmium 1.59 -- —0.895 —0.63 —1.56 
Bismuth (Powder) 0.992 —9.78 —7.65 —7.13 od 
(Powders) H =2 H =3 H=5 
FeCl; 0.43 153. 148. 140. 79. 
FeSO.,+7H20 0.505 78.5 77.7 73. 72.5 
Co2(SO4)s3+7H20 0.435 69.5 79.8 75. 240. 


2. Magnetic Viscosity. C. W. Heaps, The Rice Institute. 
—Barkhausen jumps of magnetization in nickel and iron 
may continue to occur for 20 or 30 seconds after the 
magnetizing force has become constant. This phenomenon 
appears to be a type of magnetic viscosity which cannot 
be caused directly by eddy currents. A possible explanation 
may lie in highly localized regions of high temperature, 
these high temperatures being produced by the localized 
eddy currents associated with single Barkhausen reversals. 
The flow of heat from these small regions would cause a 
redistribution of local strains and thus allow other regions 
which are not very stable magnetically to make a Bark- 
hausen jump. A wave of magnetic reversal may be assumed 
to penetrate an elementary domain of volume 10-° cm? 
according to the same laws observed by Sixtus and Tonks 
for very large Barkhausen discontinuities. It appears that 
on this assumption sufficiently high local temperatures will 
not be produced to explain the phenomenon in the manner 
indicated. However, by making the reversal time of the 
elementary domain extremely small a local high tempera- 
ture of sufficient magnitude might be produced. A second 
factor to be considered is the uneven distribution of the 
large scale eddy currents produced by the change of 
magnetic force. These large scale currents will warm the 


outside layers of the wire more than the inner layers and 
thus some time will be required for the attainment of a 
uniform temperature. There are reasons for believing that 
the large scale eddy currents do not by their heating effect 
have much influence on magnetic viscosity. 


3. A Prerecording Oscillograph and Its Use in Studying 
Rectifier Operation. A. W. HuLL, General Electric Company. 
—By utilizing the phosphorescence of the screen of a 
cathode-ray oscillograph it is possible to record electrical 
conditions just prior to, as well as during and after, an 
unpredictable event, such as arc-back of a rectifier. The 
oscillograph is allowed to write continuously on its screen, 
and the image fades as fast as it is written, except for a 
slight time lag due to the decay period of the phosphores- 
cence. This time lag constitutes a memory of what hap- 
pened just prior to any given instant. A camera whose 
shutter is operated, with the help of a Thyratron, by the 
event being studied, sees and records this ‘‘memory” as 
well as the trace that is written while the shutter is open. 
We have called these records memory oscillograms. With 
the help of these oscillograms we have obtained, for the 
first time, reliable information on the question: ‘‘At what 
part of the cycle does a rectifier arc-back?”’ With Phano- 
trons and Thyratrons, all the arc-backs that we have 
observed occur at the middle of the inverse cycle, i.e., 
when the voltage is maximum. 


4. The “Effective” Capacity of an Intermittent Glow 
Discharge Tube. Danie E. CLARK AND LESTER I. Bock- 
STAHLER, Northwestern University—When the electrodes 
of a discharge tube are joined in parallel with a capacity 
and supplied with a constant current, a regular periodic 
discharge takes place. The phenomena may be explained 
in terms of the charging and discharging of a condenser. 
The magnitude of the capacity which must be assigned to 
the condenser in order to calculate the period of the 
discharge is greater than the value of the external capacity 
plus the circuit capacity computed from its dimensions. 
The additional ‘‘effective’’ capacity was found for tubes 
with half-inch aluminum electrodes, 2 cm separation, by 
using, in turn, He, He, Ne, Os, A and air as residual gas. 
The magnitude of the “‘effective’’ capacity ranged from 
120 micromicrofarads for Hz to 600 for No. For Hz, Os, A 
and air the “effective” capacity was independent of the 
current while for He and N» there was a slight increase 
with current. The period is a linear function of the external 
capacity. No simple relation exists between the gas pressure 
and frequency save that the latter increases as the former 
decreases. The frequency was found by means of a Duddell 
oscillograph which recorded the amplified output of a 
photoelectric cell which responded to the light flashes in 
the discharge. 
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5. Sensitivity of Photon Counters. S. W. BARNES AND 
L. A. DuBrinGeE, University of Rochester. —It is well known 
that Geiger-Miiller tube counters with cylinders of Ni, 
Mo, Au, etc., are sensitive to ultraviolet light, counts 
being produced by the release of electrons from the metal 
surface. There have been few satisfactory measurements 
of the sensitivity, however, and almost no attempt to 
realize the greatest possible sensitivity. It is probable 
that no counters have been used capable of giving a 
measurable response to ultraviolet light intensities less 
than about 3000 quanta/cm? sec. Claims for higher 
sensitivity appear to be open to question. In the study of 
the supposed mitogenetic rays there is a demand for 
counters responding to 2-5 quanta/cm? sec. The sensitivity 
limit is set (1) by the presence of background counts and 
(2) by the photoelectric yield of the surface. Because of 
(1) it will be difficult to measure radiation which yields 
less than 2 electrons/min. The photoelectric yield for most 
metals at 2536A is of the order of 10~° electron/quantum 
or less, giving the sensitivity limit of 3000. However, a 
distilled Mg surface in vacuum may have a yield of 107? 
which should give a counter sensitivity of 3 quanta/cm? 
sec. Unfortunately most counting gases destroy the active 
surface. A mixture of pure He and Ne does not affect 
the surface but gives rather poor counts. A counter of 
this type will be described. 


6. The Geiger-Miiller Photon Counter—Quantitative 
Aspects, Detection of Small Intensities, Use in Absorption 
Spectroscopy. WALTER D. CLAUS AND ALEXANDER HOoL- 
LAENDER, University of Wisconsin.—The authors have 
recently discussed! some of the uncertainties involved in 
the calibration of the Geiger-Miiller photon counter. An 
approximate solution to the problem is obtained through 
the intermediary of the counter tube used as a calibrated 
vacuum photo-cell. The photoelectric yield of the sensitive 
surface of the counter is definitely less than the yield of 
the same surface (Zn, Cu, Al, sensitized, not outgassed) 
in vacuum, so that 10%hv/cm?/sec. is the lower limit of 
intensity in the ultraviolet (2300A) which can be detected 
with the counters thus far investigated. Attempts to 
detect mitogenetic radiation from a number of sources 
with these counters have been made. The quantitative 
response of the photon counter to incident radiation 
suggests the use of the device in absorption spectroscopy, 
while its response to extremely small intensities permits 
the use of very pure light from readily available, constant 
sources of continuous radiation. The instrument should 
thus be of great value in the study of fine structure in 
absorption spectra. 

1 Claus and Hollaender, J. Opt. Soc. Am. 25, 270 (1935). 


7. Fowler’s Photoelectric Theory, Assuming Quantum 
Absorption Probability a Function of Electronic Energy. 
ALAN T. WATERMAN, Yale University.—It is assumed in 
Fowler’s theory that the photoelectric current is propor- 
tional to the number of ‘‘available”’ electrons, i.e., those 
with energies normal to the surface which exceed a given 
value. This implies that the chance of an electron absorbing 
a quantum is independent of its energy. Recent theoretical 
progress following quantum-mechanical lines does not 


justify this assumption but indicates that this chance 
depends upon the electron’s momentum normal to the 
surface. Therefore this feature is incorporated into Fowler's 
treatment by including a factor proportional to the normal 
kinetic energy in the expression for the number of ‘‘avail- 
able” electrons. On integrating it is found that the form 
of the Fowler function, F(x), used in evaluating the work 
function, remains unaltered and leads to the same value 
of the work function, computed by horizontal displacement 
of the experimental curve. The vertical shift alone is 
affected. The same result is obtained on assuming a quan- 
tum absorption probability proportional to the first power 
of the normal velocity instead of the second. One may 
conclude therefore (1) that there is no inconsistency 
between the Fowler analysis (as used hitherto) and recent 
quantum-mechanical theory in the respect mentioned, 
and (2) that apparently the Fowler theory can give no 
evidence as to the probability of absorption of a quantum 
unless vertical shifts are analyzed. The form of the Fowler 
function F(x) is determined only by the form of the 
statistical partition function. 


8. On the Nature of the Barrier Layer in the Cuprous- 
Oxide Photovoltaic Ceil. II. J. W. BaLLarp anp E. 
Hurtcuisson, University of Pittsburgh—tIn the course of 
extended study of cuprous-oxide photo-cells many data 
were obtained which bear on the behavior of such cells. 
While some of these results are merely confirmation of 
the work of previous investigators, many of them are new 
and significant in the explanation of the action of barrier- 
layer cells. The following conclusions were drawn from the 
experimental results: (1) Sensitization of cuprous-oxide 
surface occurs on bombarding the oxide surface with 
positive ions, negative ions, or electrons. (2) Sensitization 
has not been obtained by heating the cuprous-oxide disk 
as a whole. (3) The positions of maximum spectral re- 
sponses and of limiting wave-length in the near infrared 
are independent of the kind of gas used in bombardment. 
(4) Electrical resistance and total response of a cell 
depend upon the kind of gas used in bombardment. 
(5) The maximum sensitization depends upon an optimum 
time of bombardment. (6) The electrical resistance seems 
to increase with time of bombardment. (7) The position 
of maximum spectral response is independent of the time 
of bombardment. (8) The position of maximum spectral 
response is probably independent of the kind of metallic 
film. (9) Spectral transmission of the oxide seems related 
to the spectral response maxima in the near infrared. 


9. Photoelectric Properties of Sodium Films on Alumi- 
num. James J. BRADY AND VINCENT P. JACOBSMEYER, 
S.J., Saint Louis University—Previous work' has shown 
that thin films of potassium, rubidium, and caesium 
deposited on a silver surface give a maximum sensitivity 
when the calculated film thickness is in the order of 10 
molecular layers or less. For thicker films, the sensitivity 
is less. Sodium films are deposited on aluminum, and it is 
found that the maximum sensitivity is not attained until 
the film thickness is in the order of 100 molecular layers. 
The sensitivity is constant for greater thicknesses. No 
detectable photo-current is observed until the film thick- 


ness is in the order of 6 molecular layers. A difference of 
this kind is expected on the basis of the adion field theory 
for the work function of the underlying metal is less than 
the ionization potential of the alkali atom. The reverse is 
true in the previous work. The photoelectric cell is of the 
concentric sphere type like that previously reported by 
Brady.? Current-voltage curves are observed for different 


film thicknesses. These indicate that the work function 
remains the same for all the film thicknesses investigated. 
A spectral distribution curve is obtained for the thick film 
(100 molecular layers). Surface changes after deposition 
of the sodium are discussed. 


1 Brady, Phys. Rev. 41, 613 (1932). 
2 Brady, Phys. Rev. 46, 768 (1934). 


Paper No. 10 will be read by title. 


10. A Hydrodynamical Theory of Piston Ring Lubri- 
cation.* R. A. CAsTLEMAN, JR., East Falls Church, 
Virginia.—While a satisfactory hydrodynamical theory of 
journal bearing lubrication was advanced some 50 years 
ago by Osborne Reynolds, and has since been considerably 
extended and applied with gratifying results by Sommer- 
feld, Kingsbury, Michell and others, much haziness still 
persists as to the lubrication of the so-called ‘‘packing 
rings’ which reciprocate with the pistons of engines. If 
we assume that the cross section of the ring, no matter 
how “straight” initially, is soon worn down to some 
gently rounded form, with the thick part in the middle 
(e.g., circular, with very large radius of curvature) and 
further assume that oils as used in engine lubrication 
cannot stand absolute tension, we find that, while the 
piston is moving at ordinary speeds, the ring will be 
separated from the wall by a film of lubricant a few ten- 
thousandths of a centimeter thick, and therefore large 
compared to the molecular size, so that boundary condi- 
tions need not be considered. It also follows that a ‘‘small 
rounding” of the edge of the ring, so often assumed, will 
not result in the maintenance of a sufficiently thick film. 
Results from this theory are in qualitative agreement with 
observations of ring wear by C. G. Williams, and with 
measurements of ring clearance by F. Salzmann. 


* To be read by title. 


11. An Analytical Treatment of the Horn-Diaphragm 
Coupling Chamber for Receiver Measurements. C. K. 
STEDMAN, Purdue University. (Introduced by K. Lark- 
Horovitz.)—A telephone receiver may be tested by re- 
moving its horn and loading it acoustically with an air 
column of variable length in a closed tube.! In this way 
one can measure the acoustic impedance of the horn and 
the sound power output of the receiver, under the assump- 
tion that the air chamber in front of the diaphragm can 
be regarded as an addition to the tube of an equivalent 
length determined by experiment. Under this assumption 
the acoustic impedance Z, at the diaphragm is given by 


Asoc cot kx (1) 


where A; is the diaphragm area, A; the cross section of the 
tube, and x the total length, i.e., actual length plus r. 
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A complete analytical treatment leads to the formula 


Ay\?2 
Za=cos* Aspe cot | 
2 
A\2 
-i(7) Aspe sin kr coskr. (2) 
2 


Eq. (1) leads to correct results for the measurement of 
acoustic impedance of the horn and sound power output, 
but it leads to quite erroneous results when extended to 
determine the acoustic impedance at the diaphragm and 
the mechanical impedance of the diaphragm itself. Eq. (2) 
covers all cases. Furthermore it is expressed in terms of a 
single parameter r which can be calculated theoretically at 
low frequencies, or determined empirically at higher 
frequencies. The theory has been verified experimentally. 
1 Fay and Hall, J. Acous. Soc. Am. 5, 46 (1933). 


12. Sound Propagation. D. A. BourGin, University of 
Illinois.—F or a wide class of mixtures marked simplifica- 
tion is possible in the author’s earlier formulae for sound 
propagation in gases. Double transitions and multiple 
collision effects have been included as required by recent 
experimental findings. The Knudsen-Kneser expression 
for gas contamination absorption is shown to be a very 
special case under the general result, and the implied 
approximations are brought into evidence. For pure gases 
the Kneser-Ruttger’s method as generalized by Richards 
is shown to be equivalent in principle with the writer’s 
developments (though the wi dependence is implicit). 
C.. or 3k/2 may be introduced by either method. 


13. The Direct Detection and Measurement of the 
Angular Momentum of Light. RicHarp A. Betu, Worcester 
Polytechnic Institute and Palmer Physical Laboratory.—As 
was first pointed out by A. Sadowsky,! Maxwell’s theory 
predicts that a beam of polarized light must, in general, 
exert a torque on a doubly refracting medium which 
changes its state of polarization. The predicted value of 
the effect is quantitatively the same as that obtained by 
assigning an angular momentum of +h/2r to left and right 
circularly polarized photons, respectively, and assuming 
the conservation of angular momentum. During the past 
year it was possible to detect and measure this effect.* 
The experiment consists essentially in determining, by 


| 

| 
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mirror and scale, the deflection of a quartz half-wave 
plate hung from a quartz fiber between two fixed quartz 
quarter wave plates, the top side of the top one being 
coated with a reflecting layer of aluminum. All plates are 
horizontal, and the axes of the two fixed plates are 90° in 
azimuth from those of the hanging plate between them. 
Light from a tungsten ribbon filament passes through a 
large Nicol and up into the plate system. The change in 
torque on the half-wave plate was measured when the 
lower plate was turned back and forth through a fixed 
angle in resonance and in antiresonance with the natural 
period of the torsional pendulum. Experimental curves 
show that the effect varies as required by the theory for 
different filament temperatures, for different azimuths of 
the plane of polarization of the Nicol, and for different 
values of the angle through which the lower plate was 
turned. The torques obtained were in the region 0.5 to 
4X dyne-cm. 


1 A. Sadowsky, Acta et Commentationes Imp. Universitatis Jurieven- 
sis 7, No. 1-3 (1899); 8, No. 1-2 (1900). 

21’ wish to thank the National Research Council for a grant-in-aid 
and Professor A. W. Duff, of the Worcester Polytechnic Institute, who 
originally brought the problem to my attention. 


14. Mean Free Paths for Gas Beams in Mercury Vapor. 
Joun A. EvpripGeE, State University of Iowa.—The decrease 
in intensity of a molecular beam as it passes through 
mercury vapor has been observed and the mean free path 
(for beams) determined for several gases. The values (in 
centimeters) at one bar mercury vapor pressure are as 
follows: He 12.5; He 6.85; Ne 5.8; CO, 5.3; CoHe 5.2. 
These values are slightly smaller than would be predicted 
from viscosity data on classical lines (using a rigid sphere 
model). A difference in this direction follows from the 
wave mechanics. 


15. An Attempt to a Purely Theoretical Derivation of 
the Mass of the Universe. ArtHUR Haas, University of 
Vienna (now Visiting Professor at Bowdoin College). 
(Introduced by W. L. Severinghaus.)—If a universe of finite 
mass M consists of N protons+neutrons and R is the 
radius of the approximately spherical volume, over which 
the astronomical objects are distributed, we arrive at the 
relation 


MRc=2Nth or Nt=Rmygc/2h (1) 


(my the mass of the H-atom). If, on the other hand, 
we make the assumption that the gravitational energy of 
the universe is equal, with opposite sign, to the sum of the 
proper energies of all the material particles contained in 
the universe, we arrive at the formula 


N=5Re?/3fmy, (2) 


- f denoting the gravitational constant. Combination of (1) 
and (2) yields 
Nt = (10/3) (he/m*yf) (3) 


and hence 
N=1.2X10", M=2.0X10* g, 


in perfect agreement with the values derived by Eddington 
in an entirely different way. No reference, however, to 
the ideas of general relativity, of an expansion of the 
universe, or of a curvature of space and no astronomical 


(R=9.3X10% cm) (4) 
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data are necessary for the derivation and evaluation of (3). 
From a comparison with Eddington’s theory the relation 
seems to follow: 

e?/cy =2(6/5)th (5) 


y denoting the mass ratio between H-atom and electron. 
Calculation of e from (5) gives a value which only differs 
by about one percent from the accepted value. 


1Cf. A. Haas, Anz. Akad. Wiss. Vienna No. 11, 1932; and another 
deduction by K. Sitte and W. Glaser, Zeits. f. Physik 88, 


16. On the Probability of Radiative Processes for Very 
High Energies. L. W. NorpHetm, Purdue University.— 
The present theory of radiative processes (radiation of 
electrons and pair production by photons) ceases to be 
valid for fields above the critical limit : potential difference 
mc*/e over h/mc. The available formulae (Bethe-Heitler) 
give accordingly wrong results if applied to cosmic rays. 
By a method of v. Weizsicker and Williams the total 
cross sections can be obtained by summing the contribu- 
tions of passages at various distances from the atomic 
nuclei. If the regions are left out, for which the applicability 
of the ordinary theory is doubtful according to the above 
criterion, new formulae are obtained which seem to satisfy 
the observations. They give quantitatively the specific 
energy losses of electrons in lead (as measured by Nedder- 
meyer and Anderson). In agreement with Compton’s 
analysis only electrons with an initial energy of above 
8000 MV have a fair chance to traverse the atmosphere. 
As at a critical energy (decreasing with the nuclear charge) 
the cross sections for radiative processes approach zero, 
the transition effect for showers (greater intensity in air 
than in lead of the photon radiation accompanying 
primary electrons) is readily explained, the values of the 
various absorption coefficients being again at least in 
qualitative agreement with the experimental data. 


17. Mathematical Expression of Charge Distribution in 
a Space Lattice. ViviAN JoHNSON, Purdue University. 
(Introduced by K. Lark-Horovitz.)—The assumption that 
the forces holding a solid body together are of an electrical 
nature has been used with great success by Born, Ewald, 
and others in the theory of the dynamics of crystal lattices. 
However, the expression for the potential functions used 
has nev>r been proved to be convergent. Following a 
suggestion of W. E. O. Maier, the problem has been 
treated in a way similar to Riemann’s treatment of the 
Green’s function of a rectangular parallelopiped.! Thus 
we prove the aaietaaaiil of the sum: 


S= > kim 
where g=//2?; » being any integer and / any odd integer. 
l and p may be chosen so as to approximate any real 
number. By squaring the denominator of each term the 
convergence is improved, and therefore also the sum: 


etia(ktmtn) 


eria(ktmtn) 


is convergent. The electrostatic potential of a lattice 
distribution can be written as the sum of eight terms, each 


of the type S’, and therefore also is proved to be conver- 


gent. 
1 Courant and Hilbert, Meth. der Math. Phys. I, pp. 327-330. 


18. Energy Distribution of Slow Neutrons. E. U. 
ConpDon AND G. Breit, Princeton University—The prob- 
lem of finding the distribution in energy of particles of 
mass m, initially of the same energy, which have made n 
impacts with particles of mass M all initially at rest, is 
solved. It is supposed the impacts are elastic and the 
distribution in angle isotropic in a coordinate system in 
which the center of mass is at rest. If x is the ratio of the 
energy after m impacts to the initial energy then the chance 
that x lie in dx at x is (log 1/x)""/(m—1)! for m=M. For 
unequal masses the expression is more complicated but 
easy to calculate. The results have some interest in 
connection with the slowing of neutrons by elastic impacts 
with other nuclei, especially with hydrogen nuclei. 


19. Does the Alpha-Particle Possess Excited States? 
EvuGENE FEENBERG, University of Wisconsin—Two 
Hamiltonian operators have been investigated in an 
attempt to answer the above question. In the first only 
neutron-proton interactions are considered. These are 
represented by a potential function of the ordinary 
(Wigner) type with the explicit form Ae~*” . In the second 
the neutron-proton interaction operator depends on spin 
orientation as suggested by Wigner to explain the large 
scattering cross-section of slow neutrons in hydrogen.' 
The interaction between like particles is represented by 
the potential A,e~** . Both A and A, are determined as 
functions of a by requiring that the computed normal 
state energy, using a Gaussian-type wave function, equals 
the experimental binding energy of the alpha-particle. 


The function 


Yop = N(x1 exp [— +2723? +7724) 
+1347) 


appears to be suitable for the study of the singlet 2p state 
of the alpha-particle with about the same degree of 
accuracy as the simple Gaussian-type function for the 1s 
state. With this wave function and the second Hamiltonian 
the 2p energy eigenvalue is — 18mc?(1/at=2.4x10- cm), 
cm), —8mc?(1/ai=2.0« 
cm). With the first Hamiltonian the energies run about 
7mc? higher. The second Hamiltonian yields a singlet 2p 
state which is stable against spontaneous disintegration 
into H? and H! for 1/at#=2.3X 10-8 cm. Similar calcula- 
tions on the triplet 2 state indicate that the triplet level 
lies below the singlet. 
1 Feenberg and Knipp, Phys. Rev. 48, 906 (1935). 


20. A Generalization of the Uncertainty Principle. Boris 
Popo.sky, University of Cincinnati.—The paper considers 
the knowledge of system a that may be obtained as a 
result of measurements performed upon another system #. 
A synthesis is proposed preserving the best aspects of the 
various points of view. It preserves the criterion of reality 
of Einstein, Podolsky and Rosen, but permits the conclu- 
sion that quantum-mechanical description of physical 
reality is complete. In achieving this synthesis one is led 
to a generalization of the uncertainty principle which 
may be stated as follows: Jf AQ and AP are the uncertainties 
in the values at any moment of time of a coordinate and its 
conjugate momentum respectively, which may be obtained by 
processes (not necessarily simultaneous or even compatible) 
each of which does not disturb the system under consideration, 
then APAQ>h, in the same way as in Heisenberg’s uncer- 
tainty relation. 


21. Ultraviolet Absorption Spectrum of Carbon Disul- 
phide Vapor. J. Rup NiELsen, F. W. CRAWFORD AND 
L. D. Hurr, University of Oklahoma.—A large number of 
absorption bands have been measured between 2300A and 
1900A, and the bands between 3800A and 2900A have been 
remeasured. The variation of the intensities with tempera- 
ture has been studied for both band systems by the method 
described by Clements.' Applying the results obtained from 
the Raman and the infrared absorption spectra, we have 
made some progress in the analysis of the band systems, 
although the intensity data have not yet been fully 
utilized. 
1 Clements, Phys. Rev. 47, 220 (1934). 


22. Haze and Smoke Visibility—Theory and Measure- 
ment. G. D. SHALLENBERGER AND E. M. LITTLE, State 
University of Montana, Missoula.—The present workers in 
collaboration with the U.S. Forest Service made a study of 
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the visibility of smokes and of distant mountain ridges. 
This study included a mathematical treatment, based on 
the scattering of light by particles producing haze, Fech- 
ner’s law of stimulus-sensation for vision, and visual resolv- 
ing power. It also included measurements made in the 
field with a visibility meter that was originated in the course 
of the study, and which can be used also in aviation, etc. 
The visibility of a smoke is the distance it is from an ob? 
server when it can just be seen. A similar definition was 
used for ridge visibility. The visibility of a smoke in sun- 
light differs from that of a smoke in the shade. The azi- 
muthal curves for the former are circles except on extremely 
clear days, while those of the latter have depressions in the 
direction of the sun when the sky is clear. With an overcast 
sky the shade smoke azimuthal curves are also circles. 
Under some conditions it was found that adding haze to 
the air increases the visibility. Binoculars increase visibility 
but not proportional to their power. Also, field and labora- 
tory measurements were taken. 


| 
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23. Simultaneous Sets of Interference Fringes. I. 
WALERSTEIN AND R. A. Woopson, Purdue University.—In 
the usual arrangement of the Michelson interferometer a 
set of circular fringes is obtained if the dividing plate is 
half-silvered and the planes of the two mirrors are exactly 
perpendicular to each other. If the half-silvering is removed 
from the dividing plate it is possible to obtain, because of 
internal reflections, two nearly equally intense reflected 
beams and two transmitted beams, one much stronger than 
the other. A similar division of each incident beam takes 
place at the compensating plate. The various beams upon 
recombining at the dividing plate give rise simultaneously 
_ to at least three sets of visible fringes of different forms. 
Calculations of the path difference for any two interfering 
rays due to one ray passing through a number of glass plates 
and the other one passing through a lesser number of 
plates lead to a conic section form of the fringes. The shapes 
of the simultaneous sets of fringes change continuously as 
the difference in distances of the mirrors from the dividing 
plate, the angle between the dividing and compensating 
plate, and the angles between plates and mirrors is varied. 
They are circles, ellipses, straight lines, and double sets of 
hyperbolas, one with a horizontal and the other with a 
vertical axis but with common asymptotes. 


24. Low Intensity Solarization for Three Emulsions. 
HEnry P. Gris, S.J., Saint Louis University. (Introduced 
by F. E. Poindexter.)\—The work of Reardon and Griggs! 
on Hammer Extra-Fast emulsions has been repeated (at 
Spring Hill College, Mobile, Alabama) for the Extra-Fast 
emulsions and also carried out with Hammer Ultra-Rapid 
Press and Special-Ortho Plates. The numbers of reversals 
obtained for a maximum exposure time of 11,854 minutes 
for the different emulsions were as follows: for the Extra- 
Fast, four; for the Ultra-Rapid, six; and the Special-Ortho, 
seven. The density increases at successive maxima in all 
cases except for the last maximum of the Special-Ortho 
emulsion which is slightly less than the preceding maximum 
density. With the exception of this one maximum, there is 
no damping down of the swings in the density vs. log E 
graphs, and hence the results do not agree with those of 
Lubovich on exposures at high intensities.? 


1 Reardon and Griggs, J. Opt. Soc. Am. 24, 331 (1934). 
2 Lubovich, J. Opt. Soc. Am. 14, 309 (1927) and Rev. Sci. Inst. 


25. Pressure Effect and Physical Development. ANNA 
Joyce REARDON, Saint Louis University. (Introduced by 
F. FE. Poindexter.)—The effect of pressure on the latent 
photographic image was investigated with reference to 
three methods of physical development. These methods 
were: (1) Physical development before fixation, as described 

‘by Odell;! (2) pre-fixing with acid hypo and then develop- 
ment of the pressure-affected latent image in Odell’s silver- 
nitrate-amidol developer; (3) pre-fixing of latent image in 
30 percent plain hypo and development in Odell’s developer. 
All three types of physical development show a reduction in 
latent image density. The amount of reduction depends 
upon the pressure applied and the type of development em- 
ployed. The actual density obtained with physical develop- 
ment was in each case less than that obtained with chemical 
development, although the exposure time, for physical 


development, was twice as great. The density-log E 
graphs obtained when the underlying Br was dissolved 
out with 30 percent plain hypo were straight lines. The 
percent of density reduction for an exposure-time of 256 
minutes and a pressure of 1357 kg/cm? was 13 percent for 
chemical development; 28 percent for physical development 
method (1); 41 percent for physical development method 
(2); and 68 percent for physical development method (3). 


1 Odell, Ind. Eng. Chem. 25, 877-879 (1933). 


26. A New Pressure Effect in Photography. FRANKLIN 
E. PoINDEXTER, ANNA JOYCE REARDON AND ONA K. 
DeFor, Saint Louis University —We find that the appli- 
cation of hydrostatic pressure to a photographic film after 
exposure but before development lowers the developable 
image density. Eastman’s Par-speed nitrate Portrait films 
were used. After exposure, the films were cut into two parts. 
One of these portions was placed in water at room tempera- 
ture, the other part was sealed into a hard rubber vessel in 
water and placed in a high pressure apparatus. The two 
parts were chemically developed simultaneously. The pres- 
sures varied from 26,000 to 36,000 Ibs./sq. in., and were 
applied from 20 to 30 minutes. We find that the density is 
lowered some 4 or 5 percent for an image density in the 
region of 0.7. 


27. The Optical Constants of Liquid Sodium Amalgams. 
A. P. FRIESEN, University of Kansas.—The optical con- 
stants of liquid sodium and of 44 liquid sodium amalgams, 
between the limits of 0 and 40 atomic percent mercury, 
were determined. Large changes in n?—k? and in 2nk with 
change in concentration occurred in the neighborhood of 
those concentrations where so-called intermetallic com- 
pounds exist. Incidentally more or less periodic small 
changes in n?—k? and in 2nk were discovered at those con- 
centrations where compounds are not known to exist. 
Work is in progress to obtain further experimental data 
that may be useful in the interpretation of these small 
periodic changes or ‘‘ripples.”” 


28. A Mercury Manometer with High Multiplication 
Factor for Differential Pressure Measurements. RICHARD 
M. Sutton, Haverford College, Haverford, Pa.—The maxi- 
mum gain of deflection of liquid in one tube of an ordinary 
U-tube manometer approaches a limiting factor 2 obtained 
by making the ratio of areas of the side arms large. How- 
ever, by using two liquids of different densities and by 
making a simple modification of design, it is possible to 
secure a real multiplication factor much greater. An ordi- 
nary U-tube of large bore is constricted in one arm at some 
point above the bend in the U. Mercury is inserted in the 
U toa level somewhat below this constriction. A light liquid 
is inserted above the mercury to fill the remaining volume 
of large tube and to extend into the smaller tube. For a 
given pressure difference, the light liquid in the smaller 
tube is now deflected farther than the mercury in a simple 
manometer by a factor [2p2a/b]/[22+(a/b—1)p:] where 
a and bare the areas of the larger and smaller tubes, p; and 
p2 are the densities of the light and heavy liquids, respec- 
tively. For maximum multiplication the two side arms con- 
taining mercury are made equal in area and all of the re- 


duction in area occurs above the interface of the two liquids. 
This manometer combines the compactness of a mercury 
manometer with the sensitivity over any chosen pressure 
range of a light-liquid manometer. Application of the design 
to a sensitive acceleration meter and to a xylene-mercury 
barometer giving large deflections for normal atmospheric 
variations is described. 


29. Surface Tension of Mercury in the Presence 
of Nitrogen, Hydrogen, and Carbon Dioxide. Marie 
KERNAGHAN, R.S.C.J., Maryville College of Saint Louis 
University—The apparatus and the method are those 
previously described by the author.! The combination of 
drying tubes and pressure gauge dispenses with stopcocks 
and is so constructed as to admit any gas in any quantity 
and to hold the pressure constant through any length of 


time. Nitrogen was obtained directly by passing air through 
pyrogallic acid solution; hydrogen and carbon dioxide were 
each prepared in a Kipp generator. The surface tension of 
mercury in a vacuum was again checked and found to be 
476.5 dynes per centimeter at 20°C. The results obtained in 
the presence of the gases may be summarized as follows: 


P 
(mm) He Ne CO2z 
<0.00001 475.5 476.5 476.5 
& 474.0 470.6 469.3 
1 473.3 470.0 468.8 
3 472.3 469.4 467.3 
5 471.5 469.0 465.8 
7 471.0 469.0 465.2 
300 471.0 469.0 465.2 


1 Kernaghan, Phys. Rev. 47, 202A (1935). 


30. Variation with Altitude of the Optimum Thickness 
of Lead for the Production of Cosmic Ray Showers.— 
J. C. Stearns, University of Denver, AND Darou K. Fro- 
MAN, Macdonald College, McGill University —The number 
of showers obtained per minute from various thicknesses of 
lead scattering blocks were counted by a triple-coincidence 
Geiger counter system at altitudes ranging from sea level 
to 14,120 ft. Two methods were used. In the first the three 
counters were arranged in the form of a triangle and counts 
were taken with various thicknesses of lead above the top 
counter. In agreement with B. Rossi,' the thickness of lead 
giving the maximum number of showers is found to be 1.7 
cm and within experimental error, to be independent of alti- 
tude. In the second method the three counters were placed 
in a vertical line and the difference in counting rate, with 
the lead scatterer placed firstly above the top counter, and 
secondly between the two lower counters, was taken to be a 
measure of the number of showers produced. This method 
gave a much sharper maximum at 1 cm of lead. 


1 Rossi, Report of International Conference on Physics, Vol. I, p. 245. 


31. The Variation with Altitude of the Absorption of 
Cosmic and Shower Radiation. Darot. K. FRoMAN, 
Macdonald College, McGill University, AND J. C. STEARNS, 
University of Denver.—The absorption in lead, zinc and 
aluminium of primary cosmic rays has been measured by a 
triple Geiger counter at altitudes ranging from sea level to 
14,120 ft. The absorbing material was placed between the 
counters, a lead block two inches thick was kept between 
the counters to absorb any extremely soft radiation. For 
thicknesses of material less than 16 cm some of the average 
absorption coefficients are given in the table. The absorption 


ALTITUDE (ft.) : 
120 5,300 10,800 5,300 10,800 5,300 10,800 
MATERIAL 
Pb Pb Zn Zn Al Al 
ABSORPTION COEFFICIENT (cm~!) 
0.014 0.018 0.023 0.012 0.018 0.006 0.010 
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of the shower radiation was measured by using three 
counters in triangle formation. A scattering block of lead 
was placed above the system and the absorption measured 
in lead sheets placed just above the lowest counter. The 
apparent absorption coefficient of the showers from lead 
varies from about 0.5 cm~ Pb at sea level to about 0.4 
cm Pb at 14,120 ft. elevation. The absorption in lead is 
not quite exponential and the shape of the absorption 
curves indicates the possibility that shower particles may 
have the ability to excite new showers. 


32. Fluctuations in Cosmic-Ray Ionization as Given by 
Several Recording Meters Located at the Same Station. 
RicHarD L. Doan, University of Chicago.—A graphical 
comparison will be given of the intensity variations of 
cosmic rays as registered on several different recording 
meters during a period of ten weeks. As one might expect, 
the agreement is statistical rather than coincident. The 
barometer effect as calculated from the data of the indi- 
vidual meters ranges from 1 to 2 percent per cm of mercury. 
A diurnal analysis carried out for a ten-day period during 
which barometric changes were small indicates a maximum 
of intensity at about 9:00 a.m. having a magnitude 0.19 
percent greater than the average. The average number of 
cosmic-ray ionizing particles traversing unit area of the 
ionization chamber per unit time, as estimated from sta- 
tistical fluctuation data, is shown to compare favorably 
with counter observations. As regards ionization bursts: 
Analysis of distribution-in-time of the bursts shows that 
they occur in a purely random manner. Size-frequency 
distributions can be represented for the most part by a 
single exponential function. Analysis of nearly 700 bursts 
>15(10)* ions occurring over a 25 mm Hg range of atmos- 
pheric pressure yields no evidence for a barometer effect on 
burst frequency although the consistency of the data is not 
sufficient to rule out the possibility of an effect as large as 
8 percent per cm Hg. 
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33. Heavy Particles Produced by Cosmic-Ray En- 
counters. Cart D. ANDERSON AND SETH H. NEDDERMEYER, 
California Institute of Technology.—Our preceding measure- 
ments on the energies of cosmic-ray tracks made at sea 
level have revealed but a few cases in which heavy particles 
appear as a result of cosmic-ray encounters. Similar meas- 
urements made this summer on top of Pike’s Peak bring to 
light unambiguously a considerable number of such par- 
ticles—approximately 100 out of 7000 successful counter- 
tripped exposures. These tracks possess the following 
properties: (1) In the great majority of cases these tracks 
seem to be made by protons. (2) They appear to be ejected 
in all directions and to have little relation to the direction 
of the incoming beam. (3) In several cases protons and 
electrons originate in the same center, the energies of the 
latter being sometimes more than 100 MEV. (4) These 
proton tracks appear as the result of disintegrations pro- 
duced both by ionizing and nonionizing rays. (5) The high 
values of the energies of the disintegration particles pre- 
clude the possibility that the disintegrating nucleus could 
have supplied this energy. The foregoing results, on the 
other hand, show that both ionizing and nonionizing rays 
may be so absorbed as to appear in part in the ejection of 
heavy particles from a nucleus. (6) Practically all the heavy 
tracks can be interpreted only as secondaries produced 
within the atmosphere or the material above the chamber. 
(7) Certain types of disintegrations, heretofore unobserved 
at sea level, indicate the presence of neutrons at high 
altitudes. It is a pleasure to acknowledge the aid given to 
these researches by the Carnegie Institution of Washington 
and the Union Oil Company of California. 


34. Gamma-Ray Ionization Currents in Air. JAamMEs W. 
BROXON AND GEORGE T. MERIDETH, University of Colo- 
rado.—An ionization chamber particularly adapted to 
measurements over rather wide ranges of temperature, 
pressure, intensity of the collecting field, and intensity of 
ionizing radiation has been constructed. Entire uniformity 
of collecting field has not been provided, but in the main 
volume of the ionized gas there is not great variation from 
uniformity. Measurements of currents due to ionization by 
a weak gamma-ray source combined with natural ionization 
have been made in air at room temperature. With gradients 
extending to about 4000 volts/cm, currents have been 
measured at a few pressures between local atmospheric 
pressure and 170 atmospheres. At the higher pressures, the 
current continues to increase with the strength of the col- 
lecting field throughout the range employed. Except with 
very low gradients, the rate of accumulation of negative 
ions is greater than that of positives (see recent observa- 
tions of Clay and Van Tijn'). With the high gradients, the 
-current-pressure relations appear roughly to resemble those 
observed by one? of us with only the natural ionization and 
much lower gradients. It is expected that further data will 
be available for the meeting. 


1 Clay and Van Tijn, Physica 2, 8, 825 (1935). 
2 James W. Broxon, Phys. Rev. 37, 1325 (1931). 


35. The Yield of Alpha-Particles from Li’ Bombarded by 
Slow Protons. H. D. DootitrLe, University of Chicago. 


(Introduced by H. J. Dempster.)—The absolute yield of 
alpha-particles from a thick target of lithium bombarded 
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by protons of energies from 23 to 72 electron kilovolts has 
been determined. The logarithm of the number of disinte- 
grations per proton has been plotted against »+ where V 
is the energy of the proton in electron volts. The results of 
Herb, Parkinson and Kerst as well as those of Oliphant 
and Rutherford have been included in the graph to extend 
it over the range from 23 to 400 kilovolts. This curve is not 
a straight line as expected by the theory but is slightly con- 
cave upwards. No indications of resonance nor of a mini- 
mum voltage required for disintegration were observed. 
An FP-54 Pliotron in a modified form of the DuBridge- 
Brown balanced circuit was used in photographic recording 
of the alpha-particles. 


36. The Energy Levels of the Nuclei of Light Elements. 
H. A. Witson, Rice Institute -—Regarding atomic nuclei as 
combinations of neutrons and protons their energies of 
formation may be supposed due to the formation of bonds 
analogous to the chemical bonds in for example hydro- 
carbons. The energies of formation may then be explained 
by assuming suitable constitutions and bond energies. It is 
found that the energies of formation and the nuclear reac- 
tion energies of several of the light elements may be ex- 
plained in this way. In this paper it is shown that the energy 
levels of several light elements may be explained by suppos- 
ing some of the bonds normally present to be missing. 


37. Theory and Operation of an “ Achromatic” Mass 
Spectrograph. A. J. Dempster, University of Chicago.— 
A mass spectrograph has been constructed which brings a 
divergent bundle of charged atoms to a focus even when 
different velocities are present. This analog to the achro- 
matic doublet lens first separates the various velocities by 
an electrostatic field, and reunites them by means of a 
magnetie field. Even with comparatively wide slits an in- 
creased resolving power is obtained. With a high frequency 
spark as a source the isotopes of elements not obtainable 
by other methods have been observed. Mass spectra of 
gold, palladium, rhodium, platinum, uranium, and iridium 
have been made. Preliminary results with nickel, cadmium, 
tin, caesium, and lead will be reported, and the behavior of 
the instrument illustrated by reproductions of spectra. 


38. The Existence of Isobares of Adjacent Elements and 
the Mass of the Neutrino. KENNETH T. BAINBRIDGE AND 
Epwarp B. Jorpan, National Research Fellow, Harvard 
University.—Mattauch and Sitte have suggested that iso- 
bares differing by one unit in atomic number either are 
unstable or do not exist at all. Beck, Bethe and Heisenberg 
have shown that isobares of this class may be accounted for 
on the neutrino hypothesis for a neutrino mass m,>0. 
Germanium, cadmium, indium, tin, tellurium, mercury, 
lead, and bismuth have been analyzed with a linear scale 
mass spectrograph which combines high sensitivity, resolv- 
ing power, and dispersion. Spectra of singly and doubly 
ionized isotopes from hydrogen free sources give definite 
proof of the existence of three isobaric pairs, Cd"* In", 
Sn"5, and Sb!** Te!?3, which apparently are stable. 
Both members of each of these pairs could be stable for 
m,, >0. Alternatively the members of higher atomic number 
could change by K-electron capture with or without benefit 


of a neutrino, these transmutations being beyond the 
possibility of detection by the experimental tests applied 
to these elements. @-instability is manifest for all other 
definitely attested cases of adjacent isobares with the excep- 


tion of the proton-neutron, H*He* pairs. The isotopes 
Sn'?!, Hg’”, and reported by Aston cannot be 
present to greater than 1/8, 1/60, 1/2, 1/10, respectively, of 
the abundance claimed. 


Paper No. 39 will be read by title. . 


39. The Spectrum of Th IV.* R. J. Lane, University of 
Alberta, Edmonton.—The spectrum of thorium has been 
photographed from 3000A to 350A with the vacuum spark 
and the spark in air and in nitrogen as sources. The follow- 
ing multiplets have been located for the trebly-ionized 
atom: 7S—7P, 6D-—7P, 7P—7D, 7P—8S, 7P—8D, 
7P—9S, 60D—5F, 5F—8D, 5F—5G. 
* To be read by title. 


40. Fine Structure of a-Lines of Hydrogen and Deu- 
terium. R. C. WiLLIAMs AND R. C. Gipss, Cornell Uni- 
versity.—A further detailed study of the fine structure of 
the Ha- and Da-lines has been made by using a discharge in 
hydrogen gas and in deuterium gas each of extremely high 
purity, the latter having been kindly furnished by Pro- 
fessor H. C. Urey. At least four photographs of the 
interference fringe pattern, obtained from the discharge in 
each of the gases at three substantially different pressures 
and at two different densities of the discharge current for 
each of these pressures, were made. While the measured 
peak to peak ‘‘doublet’’ interval, at least six values of 
which could be obtained from each plate, varied with the 
discharge conditions, remarkably uniform values for this 
interval were obtained from the plates taken under any 
given discharge condition. However, the diverse interval 
values obtained under different discharge conditions 
yielded practically the same interval between any two of 
the resolved components when suitable account was taken 
in each case of the shift in peak position due to overlapping 
components. The average interval between the two major 
components was found to be nearly the same for both 
hydrogen and deuterium but about 0.01 cm™ less than that 
predicted by theory. In the case of deuterium the minor 
component nearest to the high frequency major component 
was clearly resolved from the latter. However, the interval 
between these components was found to be 0.134 cm™ in 
contrast with that of 0.108 cm obtained from theory. 
An equally large separation of these components was found 
to be consistent with the analysis of the intensity complex 
obtained for Ha. This large deviation from theory may 
possibly be due to a Stark effect produced by ionic electric 
fields in the discharge. 


41. The e/m Ratio as Determined from the Interval 


between Corresponding Components of Ha- and Da-Lines. 
R. C. Gress Anp R. C. Cornell University —By 
using a mixture of hydrogen and deuterium such as to yield 


THURSDAY MORNING AT 9:30 0’CLOCK 


Crow Hall, Room 106 


spectral lines of equal intensity from the two gases, and an 
interferometer spacing of such a size as to bring the 
interference fringes from one gas about half-way between 
those from the other gas and at the same time prevent 
overlapping of neighboring fringes, the ratio of e/m has 
been redetermined from intervals between corresponding 
components of the Ha- and Da-lines. Several measurements 
of such intervals were obtained from each of five plates. 
After suitably correcting for shifts due to overlapping 
components and reducing the interval to vacuum condi- 
tions an average value of Avy_p =4.1470+0.0004 cm™ was 
obtained for the interval between the 2) ?P3;2.—3d2D5/2 
components. Upon combining the above interval value with 
certain atomic data, in a manner heretofore reported, 
wherein the atomic weights of the proton and deuteron as 
recently determined by Bethe from disintegration data 
were used and the value of the Faraday was adjusted to 
conform with Aston’s scale of atomic weights such that 
O'* = 16, the specific charge of the electron was determined 
as e/m=1.7577+0.0004 X 10’ e.m.u./gram and its atomic 
weight as 5.4908 +0.0005 x 10~*. 


42. The Paschen-Back Effect. III. *S?P Multiplets in 
Strong Fields. J. B. GREEN AND R. A. LorinG, Ohio State 
University and the University of Louisville——The Paschen- 
Back effect of 2S?P multiplets has been discussed and the 
theory verified in detail. In particular, the 2S?P multiplet 
of Li, \6708, has been resolved in reversal and shows the 
fine structure predicted but not heretofore observed. 


43. The Paschen-Back Effect. IV. Mutual Spin-Orbit 
Interaction in Two-Electron Spectra. R. A. LorING AND 
J. B. Green, University of Louisville and Ohio State 


_ University.—The effect of a strong magnetic field on the 


Be triplet \\3321, *P*S has been studied. The experimental 
patterns have been compared with calculations which take 
account of the interaction between the spin of one electron 
and the orbit of the other. The experimental results are 
in excellent agreement with the theory, but in some 
disagreement with Back’s work on this group of lines. 


44. Forgotten Terms in the Isotope Effect in Molecular 
Spectra. J. H. VAN VLECK, Harvard University —If mo- 
lecular energy levels are represented by an empirical 
formula W = Wo+hw(v+4)+BJ(J+1)+---, the observed 
ratios py=w;/w2 and p, = B,}/B, usually do not quite equal 
the square root of the ratio 42/: of the reduced masses for 
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the two isotopes. Strict equality is characteristic only of 
the ideal rotator-vibrator of infinitesima! amplitude, and 
correction formulas due to various causes have been given 
by Dunham and Crawford, Kronig, and Mulliken. Even 
when their results are combined, we find that many cor- 
rection terms of magnitude comparable with theirs have 
been omitted, some being of the order B?/h*w?, others of the 
order B/hy relative to unity, where » is a typical electronic 
frequency. When all terms are included, there are so many 
constants that exact theoretical computation of p, and p, 
would be very difficult. p, and p, should not be exactly 
equal, and, at least for the ground state, should ordinarily 
both be slightly nearer unity than is the ideal value 
(u2/u1)*. New terms are also found in the isotope shift in the 
constant term Wp. 


45. Excitation of Sodium Hyperfine Structure in a 
Molecular Beam. BENJAMIN CARPENTER AND RUSSELL 
A. FisHer, Northwestern University—A spectroscopic 
source suitable for hyperfine structure investigations has 
been constructed employing a molecular beam excited by 
high frequency oscillations in argon, the argon being at 
such a pressure that the beam is not destroyed by scat- 
tering. When sodium is excited in the apparatus the 
Doppler broadening is reduced such that the half-intensity 
breadths of the components of the D lines are less than 
0.011 cm™. A consideration of the Doppler broadening in 
such an apparatus indicates that the half-intensity breadth 
to be expected if the exciting encounters are entirely with 
electrons is about half that observed, while if the encounters 
are with argon atoms or ions the broadening should be 
three times the observed value. Observations upon the 
hyperfine structure of the D lines by means of a Fabry- 
Perot interferometer with spacers of 48 mm and 110 mm 
yielded no structure in addition to that already observed 
by others. Our observed separation of the two components 
of D, is 0.062 cm™ and of D, is 0.057 cm. Accepting the 
value of J=3/2 for sodium and the theoretical ratio of 
5:1 for the splitting factors of the states 3p?P, and 
3p ?P,, we obtain by graphical analysis that the splitting 
factor for the state 3s*S is 0.030 cm™ and for 3p ?P, is 
0.004 


46. Quenching and Depolarizing Collisions and Polari- 
zation of Resonance Radiation in a Magnetic Field. 


RAYMOND PETERSEN* AND A. ELLEtt, State University of 
Iowa.—On assuming that excited atoms may leave the 
initial excited state (1) by radiation, (2) by a collision of the 
second kind, (3) by a depolarizing collision (i.e., a collision 
which merely destroys coherence), we may write for 
exciting light polarized along x, observation along z in a 
magnetic field parallel to z, in the absence of hyperfine 
structure, 


where a@, a’ are quenching and depolarizing efficiencies and 
1/r*=1/r+(a+a’)p. The extension to include hyperfine 
structure is obvious. A corresponding expression for the 
rotation of the plane of maximum intensity is also readily 
obtained. Observed and computed values of R for the 
mercury \2537A line in the presence of hydrogen and for the 
angle of rotation of the plane of maximum intensity are in 
satisfactory agreement using a=1.39X10", a’ =1.81 X10" 
collisions per excited atom per sec. per mm Hg hydrogen 
pressure. 


* Deceased July 25, 1935. 


47. Design of an Ionization Gauge for Atomic Beam 
Measurements. R. D. HuNnToon A. ELLeETT, State 
University of Iowa.—Use of two types of current measuring 
devices, galvanometer and vacuum tube amplifier, with an 
ionization gauge shows that the stable sensitivity, 


(Positive ion current/mm gas pressure) 
current fluctuation 


is greater for low electron emission densities thus favoring 
the use of the amplifier with its greater current sensitivity. 
Such faetors as electrode size, relative potentials, electron 
emission, interelectrode leakage, type of inlet, gas adsorp- 
tion, surface charges, temperature changes, B.K. oscilla- 
tions, and variations of pumping speed which influence the 
design of a gauge are discussed and an arrangement to 
fulfill the necessary requirements is described. Performance 
tests show the gauge to be capable of measuring beam 
pressure changes at least as small as 3X10-" mm of 
mercury or approximately 310% mercury atoms per 
square centimeter per second. 


48. Intensity of Scattering of Electrons as a Function of 
Angle. H. J. YEARIAN AND J. D. Howe, Purdue Uni- 
versity—Recent experiments on the scattering power 
(atom form factor) of Au and Ag for high velocity electrons! 
have shown that the scattering power deviates from that 
given by the usual Born approximation when the electron 
energy is comparable with, or lower than the K excitation 
potential of the scattering atom. Since the diffraction from 
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these cubic substances gave a small number of points on 
the scattering curves, the experiments have been continued 
using hexagonal Cd as a scatterer. The curves obtained 
from Cd (48) are similar to those from Ag (47) but the 
larger number of experimental points in the case of Cd 
show a greater and more complex deviation from the 
simple theory than do the experiments with Ag. 

1H. J. Yearian and J. D. Howe, Phys. Rev. 48, 381 (1935). 


49. X-Ray Scattering in Molten Salts. I. K. Larx- 
Horovitz E. P. Miter, Purdue University.— 
Diffraction patterns from molten salts have been obtained 
with monochromatic silver Ka radiation. The liquid salt 
films of about 0.5 mm thickness are held in a hot platinum 
wire loop at a temperature close to the melting point. LiCl, 
LiBr, NaCl and KCI have been investigated so far: The 
diffraction patterns of LiCl, LiBr are sharper than the 
patterns usually observed in liquids. NaCl yields a diffuse 
diffraction pattern as contrasted with KCl, the pattern of 
which is much sharper. This can be understood by taking 
into account the influence of the different diameter and 
scattering power of the ions. The diffraction pattern of 
KCI has been analyzed under the assumption that the 
scattering power of K and Cl is approximately the same: 
In the neighborhood of any scattering center there is a concen- 
tration of tons in a distance of about 3.3A and again at about 
4.3A; in the KCI crystal any atom has 6 equivalent 
neighbors in a distance of 3.14A and 12 equivalent neigh- 
bors in a distance of 4.44A. 


50. Further Comparison by X-Ray Diffraction of Para- 
azoxyanisol in Liquid Crystalline and Liquid Phases. 
G. W. Stewart, State University of Iowa.—Additional 
experiments have emphasized the almost insuperable 
difficulties in securing a diffraction intensity distribution 
without introducing an error caused by convection. The 
conclusions are (a) that the structure of the liquid crystal- 
line phase is the more orderly, (b) that the two structures 
are probably similar, differing also in stability, (c) that the 
liquid crystalline phase may be regarded as produced by 
aggregations of cybotactic liquid ‘‘groups” plus the above 
indicated changes, and (d) that a temperature gradient in 
the liquid crystal phase produces an effect equivalent to 
the preferential orientation of the swarms perpendicular to 
the direction of the heat flow. : 


51. Pseudo-Cubic Lattices and the Principle of “‘ Variate 
Atom Equipoints.” F.C. BLAKE, Ohio State University.— 
Pseudo-cubic lattices perhaps could be said to be of two 
sorts, those having angles slightly different from right 
angles and those having right angles in the tetragonal 
system but not completely equivalent to the cubic lattices. 
By an intensive study of both simple tetragonal and body- 
centered tetragonal lattices at the axial ratio v2 the parame- 
ter flexibility is greatly increased and it is in all probability 
possible to explain all of the intensity variations in the 
“spinels” without invoking the aid of the principle of 
‘‘variate atom equipoints.”’ An illustration is zinc stannate, 
kindly supplied by the staff of the Geophysical Laboratory 
at the Carnegie Institution. It can be definitely assigned 
to space group C,,"'. This naturally raises the question for 
the need of this principle, at least in the ‘‘spinel” problem. 


52. Theory of the Effect of Temperature on the Re- 
flection of X-Rays by Crystals. I. Isotropic Crystals. G. E. 
M. JAUNCEY AND C. ZENER, Washington University.— 
The Debye-Waller temperature factor e~” in F=fe-™ is 
simply and briefly derived as follows: For a vibrating 
string the mean square displacement yu, due to the rth 
vibrational mode of frequency », is related to the energy 
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W, in this mode by u,= W,/42*v,2m, where m is the mass of 
the string. For a solid we have a similar formula but now 
#r is in any direction. In the z direction the relation for the 
mean square displacement is 2,2=W,/12r%v,m, where m 
is the mass of the solid. In Debye’s specific heat theory the 
thermal agitations are the result of adding many vibrational 
modes up to a limiting frequency vm. Since the phase 
relations between these modes are random the resultant 
z?=2z,. The number of modes in the range dy is dr 
=9nyv2dv/vm*, where n is the number of atoms in the solid. 
Also in specific heat theory W,=hv,/(e™r!*T—1)+hv,/2. 
We now integrate and obtain z*. It is known that the 
Debye-Waller M @)/\?. Putting in the value of 
2? just found, we obtain Waller’s formula for M. 


53. Theory of the Effect of Temperature on the Re- 
flection of X-Rays by Crystals. II. Anisotropic Crystals. 
C. ZENER, Washington University—The method discussed 
in the previous paper is extended to include the general case 
of anisotropic solids. Since M is a quadratic function of the 
direction cosines of the normal to the reflection plane, M 
is completely determined by measurements from three 
mutually orthogonal reflection planes. For crystals with 
three-, four-, or sixfold axes of symmetry, M will be a 
function only of the angle 6 between the principal axis and 
the normal to the reflection plane. The function M has 
been determined for two metals with a sixfold axis of 
symmetry, Zn and Cd. The results are 


Mzn=1.1 X10-*{1.80 cos? 6+ sin? 6} T sin? 6/22, 
Mca =1.6X 10-*{1.73 cos? 6+ sin? 6} T sin? 


The calculation is complicated by two factors. Firstly, for 
each direction of propagation there are three different 
wave velocities associated with a linearly polarized plane 
wave. Secondly, the vibration associated with each velocity 
is not either parallel or normal to the direction of propaga- 
tion, corresponding to the longitudinal and transverse 
waves of isotropic solids, but forms an oblique angle with 
this direction. 


54. Dependence of Diffuse Scattering of X-Rays from 
Quartz Upon the Angle Between the Crystal Axis and the 
Plane of Scattering. W. A. BRucE AND G. E. M. JAUNCEY, 
Washington University—According to Woo and Jauncey’s 
theory the coherent part of the x-rays diffusely scattered 
from a crystal is proportional to (1—e-?™), where M is the 
Debye-Waller temperature factor. For quartz, Young’s 
modulus is 10.1 and 7.710" dynes/cm? for directions 
respectively parallel and perpendicular to the axis of the 
crystal. According to the previous paper by Zener this 
difference in the moduli should give different values of M 
for elastic vibrations parallel and perpendicular to the 
axis—in other words, different characteristic temperatures 
should be associated with the different directions. Rough 
calculations give 550 and 485°K, respectively. X-rays of 
average wave-length 0.5A were scattered from a Y cut 
plate of quartz at 30° scattering angle for various settings 
of the axis relative to the plane of scattering. We assured 
ourselves of the absence of Laue spots by subjecting the 
crystal to piezoelectric oscillations which Jauncey and 
Deming have shown do not affect the diffuse scattering. 
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Theory indicated a change of about 9 percent from axis 
perpendicular to axis parallel to the scattering plane. 
This order of change was found. 


55. Properties of Prins’ Formula for the Diffraction of 
X-Rays by a Perfect Crystal. Roy C. Spencer, University 
of Nebraska.—Prins’ formula for the intensity J may be 
reduced to the following forms. J+=r=|z—(z?—1)4| =a 
—(a?—1)*=(b?+1)!—b=a—b where z is the complex 
variable (x—ia)/(m+in), m*+n?=1, a and nm depend on 
the absorption coefficients, and a and b are the semi-major 
and minor axes of the confocal ellipse which cuts the point 
x. (Its foci are at x= +m, y=a-tn.) Graph. Measure the 


average distance from the point x to the two foci. This is a. 
Substitute in J = (a—(a?—1)+)? which is Darwin’s formula 
for the case of no absorption. Integration. Change the 
variable from r to b=(r“'—r)/2. Then 


x =[—mna+b(b + 


which enables the area, center of gravity and percent 
reflection to be obtained by elliptic integrals or approxi- 
mated by simple expressions. Effect on x-ray lines: The 
effect of the crystal curve on the asymmetry of the x-ray 
line curve is discussed. Its effect in broadening the x-ray 
line curve was discussed by the author at the Minneapolis 
meeting. 
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56. Effect of Angle of Incidence Upon Relative In- 
tensities of X-Ray Lines from Ruled Gratings. ELMER 
DERSHEM, University of Chicago.—Those who have worked 
with ruled gratings in the soft x-ray region know that the 
intensity of spectral lines varies with the glancing angle of 
incidence but the magnitude of the effects which may be 
caused by small changes of angle is perhaps not generally 
appreciated. For example using the inside order from a 
glass grating having 600 lines per mm the ratio of intensity 
of the La, » to the L1 line of nickel changed from 3 : 1 ata 
glancing angle of 3° 0’ to a ratio of 1 : 3 at 3° 5’. The corre- 
sponding change in this ratio for the first outside order was 
about 50 percent. Spectrograms and photometer measures 
over the range of possible angles using the L spectra of iron 
and copper taken with three different gratings show similar 
results. In general the relative intensities of the longer 
wave-lengths are greater at the larger angles. These results 
show that the intensity of any particular line may be greatly 
enhanced by a proper choice of the angle of incidence thus 
permitting a better study of any property pertaining to that 
wave-length. Any measures of the relative intensities of 
lines from a ruled grating must, however, be interpreted 
with caution. 


57. Relative Intensities of Ka X-Ray Satellite Lines. 
LyMAN G. ParratTT, National Research Fellow, ANp F. K. 
RICHTMYER, Cornell University —With a_ two-crystal 
vacuum spectrometer the intensities of the Ka satellite 
lines relative to the intensities of the Ka, diagram lines 
have been measured for elements S(16) and Ge(32). The 
satellite structure in the region of Kas, 4 includes a’, as, as’, 
a;"’ (a new component) and ay. For elements S(16) and 
Ti(22) an additional line is observed very close to Kay. 
The relative intensities of each of these satellites have also 
been measured. The ratios of the energy of the Kas, 4 
group (which does not include the satellite close to the a 
line) to the energy of the Ka line for the respective ele- 
ments are (not corrected for the finite resolving power of 
the spectrometer) 


Z X100 (Ie/Tay) X100 X100 


The measurements are in qualitative agreement with the 
theoretical relative intensities as calculated (recent un- 
published work of R. D. Richtmyer) on the assumption 
that the initial atomic state for satellite emission is one of 
KL ionization. 


58. Variation of the Atomic Structure Factor of Potas- 
sium with Wave-Length in the Region of the Potassium 
K Absorption Limit. Wm.1am P. JEssE AND SAMUEL K. 
ALLISON, University of Chicago—A vacuum ionization 
spectrometer has been constructed in which an externally 
controlled, motor driven slide brings either a briquet of 
powdered NaF or powdered KF over the axis of rotation 
and into the path of the x-ray beam. Comparisons of the 
diffracted intensities from NaF and KF have been made 
with an ionization chamber pliotron circuit. A range of 
wave-lengths from 1.54A (Cu Ka) to 3.93A (Ag L;) has 
been used. In this range Sb La; (3.3418A) has been used as 
one of the wave-lengths. The wave-length of the potassium 
K absorption limit is given as 3.4310A. The potassium 
structure factors were computed, based on those of NaF, 
which were assumed invariant in this wave-length range. 
On the short wave-length side of the K limit, the expected 
decrease in the atom factor was observed, and the experi- 
ments show a remarkable agreement with Hénl’s theory. 
The predicted invariance of the structure factor decrement 
with (sin @)/X was experimentally confirmed. On the long 
wave-length side of the limit the structure factor rises with 
increasing wave-length but results higher than Hénl’s 
theoretical values are always obtained. This agrees with 
results of Lameris and Prins on dispersion in nickel. A 
search for any systematic errors which may enter on the 
long wave-length side is being made. 
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59. Experiments on the Efficiencies of Production, and 
the Half-Lives, of Radio-Carbon and Radio-Nitrogen. 
SAMUEL K. ALLison, University of Chicago, Fellow of the 
Guggenheim Foundation at Cambridge, England.—The 
experiments of Cockcroft, Gilbert, and Walton on artificial 
radioactivity produced by bombardment of boron and 
carbon with protons and deuterons have been continued. 
Targets of BO; which had been bombarded with deuterons 
at 520 kv were ignited in oxygen and the half-life of the re- 
sultant radio-carbon dioxide measured. This gave a reliable 
half-life of 21+0.6 minutes, whereas previous measure- 
ments on the half-life of the solid target had given 
variable values from 18 to 25 minutes, due to various com- 
plicating factors. No evidence could be obtained for the pro- 
duction of radio-carbon from boron by 520 kv protons. 
Radio-nitrogen was prepared by bombardment of carbon 
by 520 kv protons and by 520 kv deuterons. Its period was 
found to be 10.3+0.3 seconds. The efficiency of production 
of radio-nitrogen by protons of this energy was found to be 
1 atom of radio-nitrogen for 1 x 10° protons. The efficiency 
of production by deuterons of this same energy was one in 
2.3108. The bombarding beam had been magnetically 
analyzed, and the gas mixture used in the deuterium ex- 
periments was composed of deuterium (from 98 percent 
heavy water) and helium. The yields agree well with those 
given recently by Hafstad and Tuve at the same voltage. 


60. Fluorescence of the Chlorophyll Series: Fluorescence 
and Photodecomposition of Solutions of Chlorophyll a 
under O2, CO: and N:. H. V. Knorr AND V. M. ALBERs, 
Kettering Foundation, Antioch College—The fluorescence 
spectra of chlorophyll a in solution in anhydrous acetone, 
and benzene, under atmospheres of O2, CO, and Ne, have 
been investigated by the method previously described.! 
The total radiation from Pyrex mercury arcs was used for 
excitation. In the acetone solutions, maxima on the densi- 
tometer curves were observed at 679, 647 my under Oz, 
677, 646 mu under COz, 679, 648 mu under Ne. In benzene 
the corresponding maxima were located at 685, 651 mu 


under O2, 683, 650 mu under CO2, 679, 649 mu under No. 
The appearance of the fluorescence spectra for the acetone 
solutions during the photodecomposition is quite different 
from that of the benzene solutions under the same atmos- 
pheres. Stable conditions are apparently established in the 
benzene solutions since the intensity of the fluorescence is 
quite strong after many hours of exposure to the radiation. 
The fluorescence in the acetone solutions under Nz and CO, 
vanished after two hours exposure. The appearance of addi- 
tional maxima, and variation of the relative intensities of 
the maxima, indicate that the solvent and atmosphere are 
some of the determining factors in the photodecomposition 
of chlorophyll a. 


1H. V. Knorr and V. M. Albers, Phys. Rev. 43, 379 —_— (Cold 
Spring Harbor Symposia on Quantitative Biology, Vol. 3, 1935). 


61. Extending the Range and Usefulness of the Zeleny 
Electroscope by Automatically and Mechanically Counting 
Rapid Oscillations. R. W. Boypston, Miami University.— 
Several publications call attention to the usefulness of the 
Zeleny electroscope for demonstrations and other labora- 
tory purposes. Some difficulties are inherent in the opera- 
tion of this instrument. The leaf repeatedly sticks to the 
plate, and the current range is limited by the inability of 
the observer to accurately count rapid oscillations. The 
author’s work shows how both of these drawbacks are 
overcome. The circuit used is both simple and positive in 
its action. Currents ranging from 10~" to 10-* amperes may 
be measured. The counting device is capable of recording 
leaf oscillations as high as 125 per second. This extends the 
range of the Zeleny to its maximum current measuring 
possibility and overlaps the range of an ordinary galvanom- 
eter. Data are given on applying this device to investiga- 
tion of some electrical properties of paper. Attention is 
called to numerous other applications. The extensions dis- 
cussed should make the Zeleny electroscope a useful and 
reliable research instrument. Demonstrations will accom- 


pany the paper. 
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62. A Copper Sulphide Photo-Cell.* James J. Brapy 
AND W. F. SPRENGNETHER, JR., Saint Louis University.— 
A copper sulphide photovoltaic cell is described in which the 
amount of sulphur used to form the sulphide is controlled 
by means of a molecular beam. The sulphide is formed by 
depositing sulphur atoms on a copper plate heated by 
electronic bombardment in a high vacuum. A ground-glass 
joint permits the copper plate to be rotated through 90° in 
order that it may be brought in contact with a metallic 
grid through which the light passes to the sulphide surface. 
A tungsten filament lamp is used as a light source, and the 
photocurrent is measured with a galvanometer. With no 
light on the cell and while the plate is still warm, a current 
flows through the circuit but comes to zero after the plate 
cools. When the light falls on the surface, the current flows 
in the opposite direction. The magnitude of the photo- 
current is found to be greatly dependent on the gas pres- 
sure within the cell. The sensitivity decreases by a factor of 
about 10 when the pressure is increased from 10-' mm to 
atmospheric. The sensitivity is completely restored by 
pumping the cell down to a pressure of 10-> mm. 


* To be called for after paper No. 9. 


Papers received after the program has been 
printed will be placed in the supplementary 


program. 
The papers in the supplementary program 
may be called for only at the session indicated. 


63. Interference of Neutron Waves in Ortho- and 
Para-Hydrogen.* EDWARD TELLER, George Washington 
University, Washington, D. C.—The anomalously large 
cross-section observed for the scattering of slow neutrons 
by protons can be explained according to Wigner by assum- 
ing a dependence of the scattering on the relative orienta- 
tion of the proton and neutron spins. This hypothesis leads 
to an energy for the singlet state of the deuteron of about 
+50,000 volts. (The signs refer to a virtual or stable state 
respectively.) Direct evidence for the influence of the spin 
could be obtained from observations on the scattering of a 
homogeneous, monochromatic beam of neutrons in Hg. If 
no dependence on the spin exists, then one should expect 
that the scattering of neutrons by the two protons of He 
should give rise to interference effects in both ortho- and. 
para-hydrogen. Assuming, however, that scattering takes 
place only when the neutron and proton spins have oppo- 
site orientations, interference effects would only exist in 
ortho-hydrogen. Actually the scattering for parallel spins 
should be small but not negligible. From the way in which 
the phases of the neutron waves scattered by the two pro- 
tons of para Hz are superimposed one can decide whether 
the singlet state of the deuteron is stable or virtual. 

* To be called for after paper No. 20. 


